It has been reported that office environment is an important determinant of physical activity (PA) and sedentary behavior (SB) in office workers. However, the effect of changes in office environment (office renovation) is unclear. The purpose of this study was to examine PA, SB, and space utilization changes among office workers in response to office renovation. This study was a natural experiment at three offices of a single company in Tokyo, Japan. The participants were, 13 workers from one office in the renovation group (mean age: 37.9 ± 10.8 years, percentage of females: 23.1%) and 29 from two offices in the control group (mean age: 42.3 ± 11.2 years, percentage of females: 31.0%). In the renovation, introduction of activity-based working (ABW) and installation of height-adjustable desks (HAD) were adopted. The ABW office was designed to provide various shared workstations, enabling the workers to choose workstations depending on their task or mood. Accelerometer measurement and object detection method using artificial intelligence (AI) technology for video images were used to assess behavior and space utilization before and after the renovation. Two weeks after the renovation, significant improvements in SB (pre-to post-renovation improvements: 346.8 ± 28.6 to 321.2 ± 17.8 min/working-hours) and PA (total PA: 173.2 ± 28.6 to 198.8 ± 17.8 min/working-hours; and light-intensity PA: 130.4 ± 27.1 to 150.7 ± 31.0 min/working-hours) were observed. In addition, the results of the object detection analysis showed that the central aisle of the office and shared HAD workstations near the entrance or window were utilized more frequently than the other spaces. This study suggested that office renovation could improve SB and PA immediately after the renovation. Moreover, utilized spaces and HAD workstations could play an important role to enhance employees' activity in an ABW office.
Introduction
Previous studies have reported that a long duration of sedentary behavior (SB), which is defined as an activity intensity of 1.5 metabolic equivalents (METs) or lower [1] , is associated with deterioration of physical and mental health [2, 3] , and also relates to low work engagement among workers [4, 5] . It is therefore an emerging issue for workers to reduce the long duration of SB such as remaining seated during office work. For the management of a company to promote workers' health and productivity, replacing sitting with standing or walking during working hours seems to be a feasible and effective countermeasure for this issue [6] . The implementation of change in office environment, such as layout of the office floor or desk type could be important measures of workers' health and productivity. In the last decade, many studies have reported the effects of changes in office environment on SB during working hours [7] . Shrestha et al. [7] had conducted a systematic review to examine the effect of height-adjustable desks (HAD) on change in SB among employees during working hours and reported that the installation of HAD at the office could reduce the SB by over one hour per workday. Some other studies have also reported the relationship of office layout with SB among office workers [8, 9] . However, research evidence related to the association between physical activity (PA) or SB and office layout are limited to only cross-sectional investigations, and hence, further study with longitudinal investigation on this issue is needed.
In addition to these changes in the office environment, recent studies have suggested that introducing a new working style of "activity-based working (ABW)" could be a reasonable and effective option for management of PA and SB in companies and for employees [10, 11] . ABW is a new working style that involves holistic approaches targeting behavioral (i.e., harnesses the intersection of the people), virtual (i.e., mobilization of information, knowledge sharing with technology), and physical (i.e., facilitating activities in various type of workstations) environments in workplaces [10, 11] . The representative strategy for ABW is providing various shared workstations designed to intersperse in the office, enabling workers to choose workstations depending on their task or mood on a moment-to-moment basis. A systematic review of ABW [11] has reported that the implementation of ABW had positively impacted communication, control of time and space, and satisfaction with the workplace among office workers.
There have been limited studies investigating the effect of ABW on physical activity (PA) or SB [12] [13] [14] [15] . Most of the previous studies had limitations of study protocol (i.e., lack of control group), and one study had a control group but did not find significant results of the effect. Thus, further study is needed to confirm the effect of ABW on these behaviors. Another limitation in the earlier studies is the methodology for assessment of behavior at the office. An ABW office provides the opportunity for workers to work at various workstations depending on their situation. Since utilized spaces would be essential for an ABW office, and these spaces might contribute to reduce SB and increase PA, it should be clarified how often each ABW space would be utilized by the employees. These findings related to space utilization would be helpful to make effective plans and implement ABW renovation to enhance employees' activity. However, an accelerometer, used most commonly for behavior measurement in previous studies, cannot evaluate which space and station at the office has been frequently or infrequently used through the office renovation. To solve this problem, another method that can evaluate the frequency of usage of a specific place by office workers should be adopted. Based on the rapid development of artificial intelligence (AI) technologies, a new behavior assessment method using this technology has been developed, which could be used for behavior science. This new method can immediately and accurately detect various objects, including people [16] . It might be possible, therefore, to evaluate exact changes in the utilization of office spaces by using this method.
The primary purpose of this study was to investigate the changes in PA and SB among employees in response to office renovation with the adoption of ABW and HAD. In addition, this study aimed to identify the utilized space in the renovated office using the motion detection method driven by AI technology, wherein the effective method of office renovation to enhance employees' activity would be clarified. We hypothesized that office renovations adopting ABW and HAD will replace SB with PA, similar to the installation of HAD [7] . Moreover, it is expected that the adoption of ABW will generate a utilization gap between each aisle and workstation.
Materials and Methods

Study Design and Participants
This study was a natural experiment at three offices of a single company in Tokyo, Japan. The participants, 67 employees (26 from one office in the renovation group and 41 from two offices in the control group), were registered at the baseline of this study. All those who had worked at the target offices were included in the study, and those for whom data were missing for analysis and transfer to the other office during the study period were excluded. Participants who did not wear the accelerometer or did not have valid accelerometer data (13 participants in the renovation group and 12 in the control group) were excluded from the analysis. Thus, data from 13 participants in the renovation group (mean age: 37.9 ± 10.8 years, age range: 24-54) and 29 in the control group (mean age: 42.3 ± 11.2 years, age range: 23-67) were used in the analysis.
As part of the ethical procedure, the office superiors explained the aim and procedure of the study to the employees using printed material provided by the researchers. The employees were asked to read the instructions of the study which explained how personal information would be used and managed, that the decision to participate should be made based on the free will of the individual, and that the results of the investigation would not be used for individual performance appraisal by the company. Every eligible participant provided informed consent to participate in this study. In addition, the research support personnel in the company explained the procedure of motion movie recording and its usage before recording, and every employee accepted the same. This study plan was approved by the Ethical Committee of Meiji Yasuda Life Foundation of Health and Welfare (no. 29001).
Study Protocol
The study protocol is shown in Figure 1 . The baseline survey, including PA and SB measurements as the pre-test, was conducted in both the renovation and control groups from November 2017 to December 2017. The installation of HAD and the renovation of the office layout started in April 2018 in the office to be renovated and was completed in the middle of July 2018. The survey including PA and SB measurements for the post-test was conducted in both groups from July 2018 to August 2018. The motion video was recorded only in the renovation group between May 2018 and June 2018 for the pre-test and between July 2018 and August 2018 for the post-test. In the two control offices, no office renovation was conducted during the study period. 
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Renovation Offices
Pre-Renovation
The office drawings for the pre-and post-renovation periods are shown in Figure 2 . The renovated office was a 371 square meters room on a floor of a shared use building. The shared space and meeting room on the left side of the office were not used in this study because of limited equipment for video recording. The office layout and desk arrangement at pre-renovation were in the traditional Japanese style (left in Figure 2 ), and the desks were all sit-type. Every employee was provided a dedicated workstation, and some shared workstations were placed in the workspace. HADs were introduced to some spaces in April 2017 prior to the complete renovation. The standard working hours for all employees were from 8:40 to 17:20, and the usual lunch break was from 12:00 to 13:00. and meeting room on the left side of the office were not used in this study because of limited equipment for video recording. The office layout and desk arrangement at pre-renovation were in the traditional Japanese style (left in Figure 2 ), and the desks were all sit-type. Every employee was provided a dedicated workstation, and some shared workstations were placed in the workspace. HADs were introduced to some spaces in April 2017 prior to the complete renovation. The standard working hours for all employees were from 8:40 to 17:20, and the usual lunch break was from 12:00 to 13:00. 
Post-Renovation
The office renovation was completed in the middle of July 2018. The concept of renovation consisted of three components: "Fitness," "Well-being," and "Learning." "Fitness" aimed to reduce SB and ensure that employees are working actively; "Well-being" aimed to enable understanding of other persons, including co-workers, thereby creating a human-friendly environment; and "Learning" aimed to facilitate interaction or communication with many people through learning experiences of mutual understanding. Based on the above concept, the environment changes at the office were conducted by adopting height-adjustable desks or tables for all workstations. Shared workstations were placed in accordance with the renovation plans, and 11 out of 29 dedicated workstations were changed to shared workstations.
The dedicated workstations were used mainly by the office clerks, with some managers using them on occasion. The shared workstations were used by the workers in sales and service sections. The shared workstations were available for all employees and visitors to use. The office layout was changed drastically, and round aisles and various workstations were introduced.
Control Office
Two control offices were in different shared buildings. One of the control offices was a 406 square meter room, and sit-desks were equipped for every dedicated workstation. The other office was a 191 square meter room, and half of the dedicated workstations were sit-desks and the rest were changed to HADs before the pre-test. There was no change in office layout or desk type during the follow-up period in both offices. The standard working hours and the usual lunch break were the same as in the office that was being renovated. 
Post-Renovation
Control Office
Two control offices were in different shared buildings. One of the control offices was a 406 square meter room, and sit-desks were equipped for every dedicated workstation. The other office was a 191 square meter room, and half of the dedicated workstations were sit-desks and the rest were changed to HADs before the pre-test. There was no change in office layout or desk type during the follow-up period in both offices. The standard working hours and the usual lunch break were the same as in the office that was being renovated.
Measures
Physical Activity and Sedentary Behavior
The procedures for measurement of PA and SB have been reported in detail in a previous study [17] . A triaxial-accelerometer with an epoch length of 60 s (Active style Pro HJA-750C; Omron Healthcare Co. Ltd., Kyoto, Japan) was used for the measurement of the activities in this study. The validity of the device for the measurement of PA and SB has been examined and reported in prior studies [18] [19] [20] [21] .
The accelerometer was distributed with measurement instructions and a questionnaire to each participant. The participants were instructed to wear the accelerometer at all times while they were awake for two weeks, except when swimming or bathing. "Non-wear" time was defined as an interval of at least 20 consecutive minutes under the detectable intensity of the accelerometer [22] , and a valid day as a day when the participant had 10 or more hours of wearing time [23] . Since a previous study reported that a cut-off of 20 min for non-wear time showed the lowest misclassification (i.e., wear labelled as non-wear and non-wear labelled as wear) in adults compared to longer cut-offs such as 60 min [22] , we decided to adopt the criterion in this study. The data from participants who had four or more valid days per working week were treated as valid data [24] . SB was defined as an activity with an intensity of less than or equal to 1.5 METs and PA (total) with an intensity of greater than or equal to 1.6 METs. In addition, PA was divided into light-intensity PA (LPA; 1.6-3.0 METs) and moderateto vigorous-intensity PA (MVPA; ≥ 3.0 METs). Prolonged SB was defined as consecutive SB for 30 min or longer. All of these variables were calculated during the standard working hours (8:40-17:20) at the office and during all days on weekdays. To convert the data on a workday into the units of min/working hours per workday, the following formula was used: min/working hours = observed duration / wearing time × standard working hours (8.67 h).
Video Recording and Analysis of the Video Data
To objectively assess the change in utilization of each space and workstation at the renovated office, the motion of the office worker was recorded using fixed-point cameras, and the motion videos were analyzed using AI technology. These procedures were conducted by the Information Services International-Dentsu, LTD. Go Pro Hero 5 (Go Pro Inc., San Mateo, California, USA), light action cameras set at full high definition (1920 × 1080), 60 films per second, and wide angle were used for video recording. The fixed points of the cameras are shown in Figure 2 . Six cameras were used to record data before renovation and 11 cameras for after renovation. Video recording at the office was conducted between 10:00 and 17:00 for three days during pre-and post-renovation. Video data could not be obtained between 10:00 and 10:30 in the pre-renovation phase owing to machine trouble, and data of a single camera on day 2 in the post-renovation phase were not available because of the wrong angle of the camera.
For the analysis of video data, Darknet, which is a framework of deep neural networks, was used in this study. Darknet is one of the implementation libraries of Yolov3, which is a state-of-the-art, real-time object detection system [16, 25] , and these AI technologies are open source to the public [26] . Darknet was adopted for detection and recording of the number of "persons" as the target object. Each area was labeled for the applicable usage of space, including owned/dedicated or shared workstation, and main or around workstation aisles. Each space was defined as follows; the owned/dedicated workstation is available only for the assigned person, the shared workstation for all employees, the main aisle is used for transferring from and to the office destinations other than to directly access a workstation, around-workstation aisle is directly accessible to a workstation, and the multiple usage aisle is used for both transferring from and to the destinations and to directly access a workstation. In this study, the detectable number of persons in each space was defined as space utilization. The detailed procedures of the video analysis and its accuracy are shown in Appendices A and B.
Demographic Variables
Demographic variables including age, gender, body mass index (BMI), educational level, subjective economic status (very poor, poor, good, very good), and job type (manager, office clerk, service, or sales) were assessed by a self-reported questionnaire.
In addition, participants were asked to record their entry and leaving time to the office during the pre-and post-test phases to confirm whether the time at the workplace had changed. If participants repeatedly entered and exited the office in a single day, they were asked to record all entry and exit times. Average time in office was calculated from these recorded data in each test period.
Statistical Analysis
Descriptive statistics included the mean ± standard deviation for the continuous variable, and number and percentage for the categorical variable. Baseline characteristics of the participants were compared between the two groups using independent t-test or chi-square test. To reveal the changes in PA and SB from pre-to post-test, two-way repeated-measures analysis of variance with group (renovation and control group) × time (pre and post-test) was conducted. Bonferroni post hoc test was adopted if a significant interaction was observed.
In the video data analysis, group (each space) × time (28 time slots; 10:00 to 17:00, separated per 15 min) repeated-measures analysis of variance was conducted for pre-and post-renovation. Since area sizes in the aisle space were different between pre-and post-renovation, it was treated as the covariate in the analysis.
SPSS version 25.0 (IBM, Inc., Armonk, NY, USA) was used for the analysis. The level of statistical significance was set at p < 0.05. Table 1 presents participants' characteristics, PA, and SB in the two groups. There was significant difference in job type between the groups, while other variables did not show group differences at baseline. The control group showed a higher percentage of office clerks than the renovation group. There was a significant difference in MVPA in the all-day data for weekdays, and the renovation group showed higher amount of MVPA than the control group. Even though there was no significant baseline difference in SB time, the renovation group showed a shorter SB time compared with the control group. These differences in MVPA and SB seem to be due to the difference in job type between the groups. Table 2 shows the changes in PA and SB from pre to post-renovation in the two groups. Regarding accelerometer data, the number of valid days (renovation: 8.9 ± 1.7 days, control: 8.4 ± 1.7 days), wearing time during working hours (renovation: 509.9 ± 11.4 min, control: 510.8 ± 14.1 min), and all-day wearing time on weekdays (renovation: 873.9 ± 55.1 min, control: 896.4 ± 102.7 min) were similar between the two groups in the post-test. Judging from the wearing time, misclassification of SB to non-wear time might be low because the average wearing time was almost the entire duration of working time (around 98%). In addition, wearing time seems to not affect the results because there were no differences between the two groups. There were significant interactions in SB, total PA, and LPA during working hours, and we observed significant improvements in these variables in the renovation group (pre-to post-improvements were: SB; 346.8 ± 28.6 to 321.2 ± 17.8 min/working-hours, total PA; 173.2 ± 28.6 to 198.8 ± 17.8 min/working-hours, and LPA; 130.4 ± 27.1 to 150.7 ± 31.0 min/working-hours). In the overall data in the working week, there were significant interactions in SB and total PA (changes were: SB; 569.0 ± 74.2 to 526.7 ± 56.4 min/day, and total PA; 312.5 ± 42.9 to 347.3 ± 43.5 min/day), but not in LPA. The average time and standard deviation of time in office in pre-and post-renovations were 6.2 ± 2.0 and 7.3 ± 5.0 h/day in the renovation group, and 7.2 ± 1.7 and 7.7 ± 2.2 h/day in the control group. There was a significant main effect of time without interaction in time in office (p = 0.038).
Results
Individual Data Analysis
Participants' Characteristics
Changes in PA and SB
Movie Analysis for the Renovation Office
Pre-Renovation
In the utilization of the aisle space (Table 3) , there was a significant main effect of time, but no significant effect of the space and interaction. There was no difference in the detectable number of persons between main and around-workstation aisles (59.5 ± 6.8 and 63.9 ± 9.7 numbers/15 min, respectively).
With the utilization of the workstation space, although the statistical analysis was not conducted because of limited number of shared workstations, most of the detections of persons were obtained at the dedicated workstations (1016.7 ± 151.7 numbers/15 min) compared to the shared workstation (241.1 ± 408.4 numbers/15 min). 
Post-Renovation
In the utilization of the aisle space, there were significant main effects of space and time, but not of interaction. The main aisle and the multiple usage aisle 2 had larger detectable numbers than the multiple usage aisle 1.
With the workstation space, there were significant interaction and main effects of space and time. The dedicated workstations showed larger detectable numbers than the shared workstation (1629.0 ± 184.0 and 442.3 ± 189.3 numbers/15 min, respectively), which was similar to the pre-renovation results.
Regarding the detection difference at each shared workstation space (Figure 3) , there seemed to be some variations in its usage through working days. The timing of frequent and infrequent detection appeared to be different at each workstation. On the other hand, shared workstation 4, which can be used in standing position, had fewer persons detected than the other workstations. 
Discussion
This study examined the changes in office activities and space utilization among employees in response to office renovation using not only accelerometer measurement but also video analysis with AI technology. As the result of ABW office renovation, including the installation of HADs, SB and PA were significantly improved. In addition, video analysis elucidated that the round-type aisle with 
This study examined the changes in office activities and space utilization among employees in response to office renovation using not only accelerometer measurement but also video analysis with AI technology. As the result of ABW office renovation, including the installation of HADs, SB and PA were significantly improved. In addition, video analysis elucidated that the round-type aisle with a broad central aisle, dedicated workstations, and specific shared workstations in the ABW office were better utilized. These findings may contribute to effective office renovation to enhance employees' activity by focusing on utilized space or HAD workstations.
This study found significant improvement in SB and PA through the office renovation, and the strength of this study was the setting of the control group. Since most previous studies regarding ABW [13] [14] [15] were limited by the lack of a control group, this study added further knowledge about the effectiveness of ABW renovation. Results showed that, the change in overall SB by the renovation was around 25 min per 8.67 h workday or 40 min per weekday. Since the time in office did not decrease from pre to post-renovation, the reduction in overall SB may be due to an increase in PA, especially in LPA such as slow pace walking, standing, or changing posture during working hours. An earlier systematic review of interventions related to reduction in workplace SB [7] reported that the installation of HAD reduced overall SB by around 100 min per workday in a short-term follow-up (up to three months). Although the ABW office with HAD might have potential to further reduce SB, the effect was smaller than the effect with only installation of HAD. To reduce SB greatly in an ABW office, combining organizational, educational, or behavioral approaches [27, 28] should be considered. A previous study [7] has also confirmed an improvement in prolonged SB lasting for more than 30 min owing to the introduction of HAD. The current study, however, did not show a significant change in prolonged SB in response to office renovation. A result similar to that of this study has been reported in another ABW study [15] . Although the result of this study might partly be due to the small sample size or baseline difference between the groups, it might also be possible that the effect of office renovation on the prolonged SB is different due to the difference in changes in the environment. The details of these results should be examined in a future study.
In addition to the change in individual activities in response to office renovation, video analysis indicated significant changes in utilization of office space by the workers. The aisles at the office were changed to round-type aisles in the renovation phase, which created some space for multiple purposes, such as transferring from and to office destinations and direct access to a workstation. As a result of these changes, the main and central aisles (multiple usage aisle 2) were more frequently used by the workers in the post-renovation period. Although it is difficult to compare the specific time slot between pre-and post-renovation due to the difference in detection accuracy, overall detection of time slots for aisle use appears to have increased from pre to post-renovation. Accordingly, these results indicated that the round-type aisle with a broad central aisle is an essential element of office layout, which may contribute to an increase in PA among the workers.
Although the number of shared workstations was increased in the post-renovation phase, the detected number of persons was larger at the dedicated workstations than at the shared workstations in both pre-and post-renovation phases. The reason for this might be the difference in the assigned job type for each workstation. Shared workstations were more likely to be used by employees who worked in sales and service, who tend to frequently stand up or go outside the office. On the other hand, there were specific characteristics of utilization in each shared workstation space on a moment-to-moment basis. Workstation 1 was constantly utilized throughout working hours, while workstations 2 and 3 were mainly utilized during the lunch break or in the afternoon. Workstation 4, however, had comparatively fewer detections than the other workstations. It is speculated that the location (center of the office) or the desk type (only for standing use) may be the reason for short or infrequent use. The different pattern of utilization between the shared workstations might be due to the differences in the desk type (i.e., number of seats, standing use, or sit-stand use) and the location of workstation (i.e., access from the entrance, near the window or center of the office). These results suggested that HAD workstations near the entrance or the window would be utilized, and accordingly, standing to work at these workstations could possibly contribute to a large reduction in SB.
The results from this study indicate that, in the planning of office renovation, how to set aisles and workstations to enhance employee' activity should be considered. In addition to the activity change, future studies should clarify how change in PA or SB owing to office renovation affects employees' health, work productivity, communication, etc. These comprehensive effects could contribute to improving a company's value (i.e., stock performance [29] ) or reducing healthcare costs.
This study has several limitations. First, as the accelerometer data were not obtained from every employee in the target offices, sampling bias would be present. For example, the conflicting results regarding the change in prolonged SB between a previous study introducing HAD [7] and the current study could be due to weak statistical power. In addition, there were differences in job type, MVPA, and SB (not significant) at baseline; therefore, the degree of change in PA and SB might be affected by differences other than the impact of office environment change. To obtain generalizable findings, a study with high comparability (i.e., cluster randomized controlled trial) and a larger sample size should be conducted. Second, the accelerometer used in this study has been reported to underestimate the duration of SB and overestimate breaks from prolonged SB compared to thigh-worn activPAL3 [21] ; thus, direct comparisons with previous studies using different devices should be performed cautiously. Third, video analysis was conducted without identifying an individual participant owing to compliance with the ethical agreement, and hence the result of the accelerometer and the video analysis could not be combined. In addition, the data of the video analysis were not compared between the preand post-renovation phases because of the difference in accuracy of detection. These findings made it impossible to identify the individual changes in activities and space uses in response to office renovation. Finally, this study evaluated the activity change immediately after the renovation (around two weeks), and hence the long-term change or maintenance of the activities is unclear. The acute changes after the renovation could be the consequence of the "new effect" or curiosity. Unfortunately, the follow-up information, such as half or a year after the renovation, could not be obtained in this study because many participants were transferred to another office. Future study should be conducted for the examination of changes in the activities and space utilizations during a long-term follow-up of office renovation. If ethical approval can be obtained for linking the accelerometer with video analysis data, the reciprocal relationship between SB, PA, and space utilization could be clarified in a future study.
Conclusions
Office renovation including the introduction of ABW and HAD could improve PA and SB among office workers immediately after the renovation. Moreover, a round-type aisle with a broad central aisle, dedicated HAD workstation, and the shared HAD workstation near the entrance or the window were utilized in the ABW office. These utilized spaces and workstations could play an important role in enhancing employees' activity. As the results of accuracy evaluation, rate of false detection was 1.1% (0.0-6.2%), and detection of leakage was 40.7% (6.8-64.7%) for sitting persons and 24.0% (1.9-45.2%) for standing persons in each camera in the pre-renovation. In the post-renovation test, the rate of false detection was 2.4% (0.0-13.2%), and detection of leakage was 27.8% (2.0-47.9%) for sitting persons and 5.3% (0.0-23.1%) for standing persons in each camera.
